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A Four Year Follow-Up of Infants with Early Signs 
of Neuro-Developmental Deviation 
The transient and variable nature of abnormal 
or deviant neuro-developmental signs during 
the early post-term months of 'high risk' in-
fants, has been recognized. Careful longitudi-
nal follow-up of these children is indicated. 
This study investigates the neuro-sensory-mo-
tor and general developmental progress over 
four years, of a group of children who were 
identified as 'dystonic' at the adjusted age of 
four months. 
The developmental performance of these 15 
children was compared with a matched group 
of children. The results indicated that at four 
years of age the 'dystonic' group of children 
were developmentally less competent and 
more variable in all areas assessed than their 
'non-dystonic' peers. Only one child was ulti-
mately diagnosed as cerebral palsy indicating 
the transient nature of quite marked early 
signs. The Implications for possible problems 
at school emphasize the need for continued 
follow-up of this group of children. 
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The presence of neuro-develop-
mental deviation in infants during the 
first few months of life is not neces-
sarily indicative of cerebral palsy or 
mental retardation. However the prog-
nostic significance of minor abnormal 
neurological signs is still not clear and 
long term follow-up of infants pre-
senting with these signs is necessary. 
Drillien (1972, 1977, 1980) provided 
evidence that these children are at high 
risk for education, behavioural and 
minor motor difficulties in early 
school years. 
A study by Burns and Turner (1982) 
investigated the implications of early 
neuro-developmental deviations in a 
group of low birthweight and/or me-
chanically ventilated infants. Detailed 
assessment was performed to evaluate 
the neuro-developmental progress of 
these infants and this assessment iden-
tified a number of problems in infants 
at the adjusted age of four months. 
The presentation of these problems 
varied considerably but was often as-
sociated with difficulties in feeding 
and handling, disturbed sleep patterns, 
irritability and delays in motor devel-
opment. 
The neuro-developmental signs pre-
senting in the infants were similar to 
those described by Drillien (1972) as 
'Transient Dystonia'. For the purpose 
of the study reported by Burns and 
Turner (1982), classification of the 
infant as 'dystonic' depended on the 
presentation of excessive extensor pos-
turing together with three other fea-
tures from the following: marked head 
lag on arm traction, general develop-
mental delay, hypertonia, persistent 
primitive reflexes, immature postural 
responses, increased hip adductor tone 
or irritability in the first three months. 
The infants were followed to eight-
een months of age and this study 
found that although developmental 
deviations were more marked in in-
fants identified as 'dystonic' compared 
to their 'non-dystonic' counterparts, 
there was an increased percentage of 
normal responses by eighteen months 
of age. Drillien (1972, 1977) also re-
ported an apparent improvement at 
this stage of development. 
As it has been suggested (Drillien et 
al 1980) that transient dystonia may 
be predictive of educational difficulties 
there was a need to document the 
ongoing development of the previously 
reported group of children. This paper 
presents the results of a four year 
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Table 1: 
Attendance of dystonic subjects for follow-up 
* 4 months * 18 months * 4 years 
<1500gm 4 4 2 A 
<1500gm and 
ventilated 9 9 9 
>1500gm and 
ventilated 7 7 4 V 
age adjusted for prematurity 
A both children transferred overseas 
V two children excluded from study 
one refused follow-up 
follow-up study of 20 children who 
were classified as 'dystonic' at the 
adjusted age of four months. 
Subjects 
The subjects included in this study 
were drawn from those who attended 
the Growth and Development Clinic 
at the Mater Children's Hospital, Bris-
bane. 
All infants were less than 1500 
grams at birth and/or required me-
chanical ventilation in the neonatal 
period. The infants were assessed at 
the adjusted ages of 1, 4, 8, 12, 18 
and 24 months and again at four years 
by a multidisciplinary team which in-
cluded physiotherapists, psychologists 
and paediatricians. 
At the adjusted age of four months 
a study group of twenty 'dystonics' 
was selected, by agreement of the 
team, on the basis of the previously 
outlined criteria. This represented 22 
per cent of the original population of 
infants. There was an unscheduled loss 
to follow-up of three children; two 
were transferred overseas and one 
refused to attend further assessments. 
Two other subjects were excluded 
from this study as their problems were 
unassociated with perinatal events. 
One child was later diagnosed as hav-
ing a progressive disorder while the 
other was profoundly handicapped 
due to cytomegalovirus. Neither of 
these children could be tested at four 
years owing to the severity of their 
handicap. 
During the initial period of studying 
this group of 'dystonic' infants, the 
subjects were subdivided according to 
birthweight and the requirement for 
mechanical ventilation (Burns and 
Turner 1982). Table 1 outlines the 
distribution of attendance and follow-
up on the basis of these subgroups. 
Twenty control subjects were se-
lected from the total population at-
tending the Growth and Development 
Clinic. The next baby born of the 
same sex, birthweight category and 
requirement of mechanical ventilation 
was selected as the control for each 
of the study group infants. 
Assessment 
As part of a comprehensive evalu-
ation, the neuro-sensory-motor status 
was assessed by the physiotherapist. 
For the purposes of this study the 
results of these tests were analysed at 
the post-term age of 4 and 18 months 
and four years. The assessments were 
based on the work of Burns (1983) 
and designed to allow comparative 
recording of responses on a graded 
scale of scores ranging from 1 to 5. 
1. Normal/expected for age. 
2. Slight deviation, no interference 
with function. 
3. Moderate deviation sometimes in-
terfering with function. 
4. Marked deviation consistently in-
terfering with function. 
5. Definitely abnormal. 
Six broad areas of development 
constituted the assessment: gross mo-
tor, fine motor, primitive reflexes, 
tone, postural reactions and sensory-
motor responses. A number of indi-
vidual test items were combined to 
give the score in each area. For ex-
ample, at the age of four years gross 
motor ability was reflected in the 
ability to run, hop and jump. The 
maturity of hand grasp was indicated 
by assessing both the quality and the 
speed of the fine motor skills. The 
section on tone involved the testing of 
deep tendon reflexes, basic tone and 
clonus. Assessment of postural reac-
tions included head righting with and 
without vision. Tests involving the 
motor responses to various tactile, 
proprioceptive. vestibular and visual 
input comprised the sensory-motor 
area. 
Because of its influence on the 
quality of response, the basic behav-
ioural state of each infant and child 
throughout assessment was noted. 
Comments regarding referral for fur-
ther investigation or recommended 
treatment was recorded. Any advice 
given or treatment instituted was 
graded on a scale of 1 to 5. 
1. No advice/treatment. 
2. Advice given to parents. 
3. Advice and demonstration to par-
ents. 
4. Home programme and review by 
physiotherapist. 
5. Intensive physiotherapy. 
The general developmental quotient 
(GQ) of the subjects at 4 and 18 
months was assessed by the psychol-
ogists using the Griffiths Mental De-
velopment Scale. This standardized 
test provided a general measure of the 
children's development (GQ) from 
birth to two years derived from the 
scores on five subscales: locomotor, 
personal/social, hearing/speech, 
eye/hand and performance. The 
McCarthy Scales of Children's Abili-
ties was administered at four years of 
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Figure 1: Gross motor ability 
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Figure 2: Fine motor performance 
age. This test measures a wide range 
of behaviours based upon six scales: 
verbal, perceptual /performance, 
quantitative, general cognitive, mem-
ory and motor. Research has shown 
that the general cognitive index (GCI) 
of the McCarthy scale is a reliable 
indicator of intellectual abilities and 
the profile of subscale scores may 
detect learning disabilities with more 
sensitivity than other tests (Kaufman 
and Kaufman 1974, Levenson and 
Zino 1979 and Hayes 1980). 
Results 
A direct comparison between the 
total group of infants classified as 
'dystonic' and the 'non-dystonic' con-
trols was undertaken as the subgroup-
ing of infants according to birthweight 
and mechanical ventilation could not 
be maintained. This was due to the 
loss of subjects and of subsequent 
small numbers in each group by the 
age of four years (Table 1). 
For each of the six areas of the 
neuro-sensory-motor assessment, the 
percentage of subjects attaining each 
score (1-5) was calculated allowing the 
quality and variability of responses 
between the two groups of children to 
be compared. The results of testing at 
four, 18 and 48 months (4 years) are 
diagrammatically represented in Fig-
ures 1-6. 
By comparing the solid lines in 
Figure 1(a) with 1(b) it is evident that, 
in the area of gross motor ability at 
four years of age, children identified 
at four months as 'dystonic' had a 
smaller percentage of normal re-
sponses than their 'non-dystonic ' 
counterparts. Furthermore the wider 
spread of scores for the 'dystonic' 
group indicates that the gross motor 
ability of several of these children was 
functionally impaired. 
At four years of age only 33 per 
cent of the 'dystonic' children scored 
normal fine motor responses as op-
posed to 68 per cent of the 'non-
dystonic' group (Figure 2(a) and (b) ). 
However at four years of age fine 
motor ability is at an early stage of 
its development and the importance 
of this aspect increases during the next 
two years of life. It would appear that 
generally the 'non-dystonic' group are 
entering this stage with more compe-
tence than the 'dystonic' children. 
In Figure 3 it can be noted that at 
four years of age, 74 per cent of the 
'dystonic' subjects exhibited full in-
tegration of primitive reflexes com-
pared to 88 per cent of the 'non-
dystonic' subjects. At this same age 
the various assessments of tone, illus-
trated in Figure 4, indicated that in 
the 'dystonic' group only 32 per cent 
were scored as normal compared to 
60 per cent of normal scores in the 
control group, 
The similarity between the distri-
bution of the group scores of tone 
and postural reactions is quite striking. 
As shown in Figure 5(a) and (b) 32 
per cent of the 'dystonic* and 60 per 
cent of the 'non-dystonic' children 
achieved normal scores for tests of 
postural reactions. However perusal 
of original assessment data does not 
support the existence of such a strong 
relationship between tone and postural 
reactions in individual children. 
Interpretation of Figure 6 is more 
difficult due to the wide range of 
sensory areas involved. At four years 
of age none of the 'dystonic' subjects 
displayed completely normal motor 
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Figure 3: Elicitable primitive reflexes 
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similar distribution trends. For both 
groups of children the four month 
and four year plots are alike and 
demonstrate a decreased percentage of 
normal responses and a greater spread 
of scores when compared to the plot 
of the 18 month scores. A positive 
relationship between results of assess-
ment at four months and four years, 
is discernible. 
At four years, 76 per cent of the 
'dystonic' children received no advice 
or treatment, 20 per cent required 
advice or demonstration to parents of 
management or appropriate home ac-
tivities. Only one 'dystonic' child who 
had been diagnosed as cerebral palsy 
was receiving regular physiotherapy. 
Eighty-six per cent of the 'non-dys-
tonic' children required no physioth-
erapy advice and 14 per cent had 
received some advice or demonstration 
of suggested management over the 
four year period. 
The assessments by the psycholo-
gists provided mean general quotients 
{GQ) for both subject groups at four 
and 18 months and a mean General 
Cognitive Index (GCI) at four years. 
Table 2 reveals that the 'dystonic' 
group scored less at each age but this 
difference did not reach a level of 
statistical significance. Comparison of 
mean scores on each of the sub-scales 
Figure 4: Muscle tone 
responses to all sensory input com-
pared to 20 per cent of the *non-
dystonic' group. Although a similar 
number of children in both groups 
scored 2 (slight deviation not affecting 
function), in more than 20 per cent 
of the 'dystonic' group the sensory-
motor problem did interfere with func-
tion in some way (score of 3 or 4). 
The results, as illustrated in all of 
the figures, show that 'dystonic' in-
fants have generally a lower percentage 
of normal responses and a wider range 
of scores than the 'non-dystonic' in-
fants. Figures 1, 2, 4 and 5 portray 
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Figure 5: Postura l react ions 
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Table 2: 
Mean general quotients and general cognitive indices 
Subject 
Group 
Dystonic 
Non-dystonic 
GQ 
* 4 months * 18 months 
93.3 93.6 
101.8 99.2 
GCI 
* 4 years 
93.3 
96 
all ages adjusted for prematurity 
Graded Score 
la) 0YS"3NIC 
Graded Score 
(b) NON-DYSTONIC 
Figure 6: Combined sensory-motor responses 
terfere with motor and learning com-
petency than their 'non-dystonic* 
peers. This supports Drillien (1972, 
1980) who found significant correla-
tions between transient abnormal signs 
in the first year of life and educational 
impairment in the early school years. 
It would appear that infants who 
display 'dystonic' features in the first 
few post-term months constitute a 
particular 'at risk' group within the 
total population of 'high risk' infants. 
While it is not possible to predict 
which infants will develop 'transient 
dystonia' there is some evidence that 
their perinatal history differs from that 
of 'non-dystonic' low birthweight in-
fants. Tudehope, Burns, O'Callaghan 
and Mohay (1981) reported that there 
was significantly higher incidence of 
apnoea attacks, requirement of me-
chanical ventilation and lower mean 
Apgar scores (1 and 5 minutes) in 
'dystonic' infants compared to infants 
who were not 'dystonic'. 
The transient nature of the early 
'dystonic' features is emphasized by 
the fact that only one of the fifteen 
subjects was cerebral palsied. This 
underlines the care required in pre-
dicting outcome of these infants but 
it does not preclude the requirement 
of continued regular review and the 
possible need for appropriate inter-
vention during the pre-school years. 
of the McCarthy test were also statis-
tically non-significant. 
Discussion 
The results of this study indicate 
that at four years of age children 
identified at the adjusted age of four 
months as 'dystonic', still exhibit com-
paratively more developmental devia-
tions than the 'non-dystonic' group of 
children, in all areas of neuro-sensory-
motor performance. 
From the previous study (Burns and 
Turner 1982) an improvement in the 
percentage of normal responses at the 
adjusted age of 18 months, was noted. 
This suggested that the children may 
be 'growing out' of the problem but 
continued follow-up has shown that 
this improvement was not maintained. 
An apparent downward trend is indi-
cated by the decreased percentage of 
normal responses at four years com-
pared to 18 months. However it is 
possible that the 18 month assessment 
procedure was not sensitive enough to 
evaluate 'critical' aspects of develop-
ment at this age. 
There is evidence that as 'high risk' 
infants approach school age they ex-
hibit minor deviations in all areas of 
their development. Nevertheless the 
'dystonic' group of children appear to 
have more problems which could in-
Conciusion 
This study suggests that the presence 
of transient neuro-developmental signs 
in low birthweight and mechanically 
ventilated infants during their first few 
post-term months still has some influ-
ence on development at the age of 
four years. The continued follow-up 
of these subjects is warranted to mon-
itor their progress and to identify 
possible problems as the children enter 
school. 
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